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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to catalyst recov-
ery from a light FCC-type effluent, and also to regener-
ation of the recovered catalyst.

BACKGROUND OF THE INVENTION

[0002] It has been proposed to produce light olefins
such as ethylene and propylene from mixtures of heavier
paraffin and olefins using a fluid catalytic cracking (FCC)
system with the reaction conditions described, for exam-
ple, in US Patents 5,043,522 to Leyshon et al.; 5,171,921
to Gaffney etal.; and 6,118,035 Fung et al. In this system,
particulated catalyst and feedstock enter a reactor under
specific reaction conditions. The reactor effluent is proc-
essed in a series of cyclone separators, usually housed
in a vessel, that separate most of the catalyst from the
effluent to be regenerated for recycle to a regenerator
and then to the reactor, in a manner similar to conven-
tional refinery FCC operations. The catalyst-lean hot ef-
fluent gases from the cyclones are then cooled and sep-
arated by fractional distillation, for example, into the prod-
uct constituents.

[0003] There are, however, some significant differenc-
es betweenthelightolefin FCC process and conventional
refinery FCC operations. Conventional FCC processes
produce an effluent that has significant quantities of
heavier hydrocarbons that are condensed in a quench
tower. There is also a minor amount of residual catalyst
entrained in the effluent, that is not removed by the cy-
clones, which is collected with the heavier hydrocarbons
condensed in the quench tower to form slurry oil. Slurry
oil from the quench tower is often difficult to process
and/or dispose of; frequently it is burned as a fuel oil. In
the light olefin FCC process, there are only very minor
quantities of heavier hydrocarbons in the effluent gas,
i.e. a relatively high ratio of catalyst to fuel oil, so the
removal of the catalyst fines becomes problematic be-
cause there is very little heavy oil recovered and any
'slurry oil’ would have a much higher catalyst loading than
in the case of the conventional refinery FCC process.
[0004] Anotherissue in the light olefin FCC process is
the regeneration of the catalyst recovered from the riser
effluent by the cyclones. In the conventional refinery FCC
unit, significant quantities of coke are formed in the riser
and deposit on the catalyst particles. In the regenerator,
this coke can be used as a fuel source for combustion
with oxygen in the regenerator vessel to supply the heat
needed to heat-balance the unit. Frequently, the regen-
erator may need to be cooled to prevent the catalyst from
getting too hot, particularly when the feedstock deposits
a lot of carbon on the catalyst. On the other hand, the
prior art light olefin FCC process generally has insuffi-
cient coke deposition in the light olefin FCC process to
support catalyst regeneration and the heat of reaction.
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[0005] In a conventional gasoline FCC process, it has
been suggested that supplemental fuel such as fuel gas
or fuel oil (torch oil) can be introduced into the regenerator
to achieve the temperatures required for catalyst regen-
eration and the heat of reaction during non-steady state
operations, for example, when starting-up the unit, to
achieve an adequate regenerator temperature. Howev-
er, as far as applicant is aware, there are no adequate
systems known for introducing fuel into the dense phase
bed of a FCC regenerator processing low-carbon cata-
lyst, for continuous operation.

[0006] Further, there is a need for a light olefin FCC
process and system capable of processing a light feed-
stock that conventionally yields inadequate coke forma-
tion, yet improved somehow to achieve the heat of reac-
tion required in the reactor.

SUMMARY OF THE INVENTION

[0007] The present invention addresses the catalyst
handling problems in the light olefin FCC process noted
above, preferably by using a fuel oil addition to the
quench tower and recirculation of the quench tower oil
to wash catalyst from the effluent gases, by recovering
a slurry of the catalyst in the fuel oil from the recirculating
quench oil, and by continuously introducing the slurry
into the regenerator to recover the catalyst and supply
the heat requirements for catalyst regeneration and the
heat of reaction. In this manner, the fuel oil supplied for
catalyst washing from the effluent gas can preferably be
used to supply the heat requirements of the regenerator,
and at the same time can eliminate catalyst losses in the
effluent gas.

[0008] The present invention is a method and system
for recovering fines from a light FCC-type effluent gas.
The feedstock for such a light FCC unit is a feedstock
that conventionally yields inadequate coke formation, for
example, a C, -C,, feedstock, preferably a C, -Cg feed-
stock. Cracked gases from the reactor are cooled by di-
rect contact with circulating oil, for example, in an oil
quench tower. The catalyst fines carried with the reactor
effluent are washed out from the gases. A circulating oil
pump-around loop cools the gases and removes the
fines. A slipstream of quench oil is sent to a catalyst sep-
aration system for separation of the catalyst fines. Cat-
alyst removal can be achieved, for example, via filtration,
hydroclonic separation, electrostatic precipitation, and a
combination thereof. For example, when catalyst filtra-
tion is utilized, a slipstream of the quench oil can be sent
through one of at least two filters to remove fines. Another
filter is in backwash operation using compressed gas to
remove the collected fines. The recovered fines are com-
bined with quench oil to form a slurry that carries the fines
to the FCC regenerator. The quench oil in the slurry is
combusted in the regenerator to provide a convenient
way of supplying FCC system heat requirements, while
at the same time returning the catalyst fines recovered
from the reactor effluent gas to the FCC system. In this
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manner, catalyst losses can be limited to any fines en-
trained in the regenerator exhaust from the dilute phase.
Since there is a minimum amount of oil generated in the
FCC, the quench oil is imported to inventory the quench
tower and provide the heat required in the regenerator.
[0009] In one aspect, the present invention broadly
provides a method for recovering catalyst fines from a
light FCC-type effluent gas. The method includes the
steps of:

(a) supplying quench oil to maintain a steady state
inventory thereof;

(b) contacting the effluent gas with the quench oil to
cool the effluent gas and wash out catalyst fines to
obtain a cooled effluent gas essentially free of fines;
(c) returning the quench oil from the contacting step
to the inventory;

(d) continuously recirculating quench oil from the in-
ventory to the contacting step;

(e) separating fines from a stream of the quench oil
from the inventory to recover the fines and keep the
fines from building up in the inventory; and

(f) slurrying the fines recovered from the separation
step.

[0010] In the method, the contacting and collecting
steps can be effected in a quench tower comprising va-
por-liquid contact elements and a bottoms zone that
holds the inventory of quench oil. The recirculated
quench oil can be cooled before the contacting step. The
separation can be effected by any suitable means, for
example, filtration, electrostatic separation and use of
hydroclones, and the separation is preferably continu-
ous.

[0011] When using filtration, the separation is prefer-
ably effected using at least two filters, wherein a first filter
is in a filtration mode while a second filter in parallel is
used for backwashing to remove the collected fines. The
filtrate can be returned to the inventory. The filtration and
backwashing can also include periodically alternating the
first and second filters between filtration and backwash-
ing modes. The backwashing preferably includes at least
one compressed gas pulse through the at least one filter
that is in the backwashing mode in the reverse flow di-
rection to remove the separated fines, and collecting the
separated fines in a holdup vessel. The separated fines
are combined with a heavy oil, such as fuel oil or quench
oil, to form a slurry, preferably in the holdup vessel.
[0012] The electrostatic precipitation process is similar
to the filtration procedure insofar as multiple units are on-
line, collecting catalyst fines, while one or more are being
backwashed. This backwash step utilizes clean fuel oil
or circulating quench oil. The separation is accomplished
by inducing an electrical field across a packing medium.
Catalyst particles are ionized and/or polarized and col-
lected at contact points in the packing medium. Removal
of the particles is accomplished by deactivating the elec-
trodes and backflushing the freed particles.
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[0013] The hydroclone separation process preferably
has at least two stages of hydroclones in series with each
stage containing multiple, small diameter hydroclones in
parallel. The hydroclone operates by the same principal
as a cyclone; specifically, centrifugal force is used to sep-
arate the oil and catalyst particles. Two stages are nec-
essary at a minimum to concentrate the underflow
stream. Typically, the underflow from the hydroclone is
20 to 40 percent of the total flow. The requirements of
this process dictate that the solids be concentrated in the
underflow stream which is 5 to 10 percent of the total
inlet flow. By example, if the circulating oil is 50,000 Ibs/hr
and the net fuel oil is 5,000 Ibs/hr, then the net underflow
must be 10 percent of the total flow or 31.6 percent from
each stage (0.316 x 0.316 = 0.1). It is not necessary that
the underflows from each stage be identical, but the net
underflow must satisfy the fuel oil requirement. The un-
derflow quantity is typically controlled by control valves
on the outlets of the overflow and underflow streams.
[0014] A slurry is formed by combining the fines with
a quench oil. Sometimes steam is added to further dis-
tribute the fines in the quench oil. The slurry from the
holdup vessel is preferably introduced into a catalyst re-
generator in a light FCC unit for combustion to supply
the heat requirement of the FCC process. Slurry in ex-
cess of that required for combustion can be introduced
into the reactor in the FCC unit where it is vaporized into
the effluent gas. The makeup quench oil can be added
directly to the inventory, the recirculation loop or as the
filter backwash.

[0015] In another aspect, the present invention pro-
vides a system for recovering fines from a light FCC-type
effluent gas. The system includes means for supplying
quench oil to maintain a steady state inventory thereof,
means for contacting the effluent gas with the quench oil
to cool the effluent gas and wash out catalyst fines to
obtain a cooled effluent gas essentially free of fines,
means for returning the quench oil from the contacting
step to the inventory, means for continuously recirculat-
ing quench oil from the inventory to the contacting step,
means for separating fines from a stream of the quench
oil from the inventory to recover the fines and keep the
fines from building up in the inventory, and means for
slurrying the fines recovered from the separation step.
[0016] A further aspect of the invention is a system for
recovering fines from a light FCC-type effluent gas that
includes a quench tower having an inlet for receiving the
effluent gas, vapor-liquid contacting elements disposed
above the inlet for cooling the effluent gas and washing
out the fines, a gas outlet above the contacting elements
for discharging cooled effluent gas essentially free of en-
trained fines, and a liquid holdup zone below the inlet for
collecting quench oil from the contacting elements. A re-
circulation loop is provided for continuously recirculating
the quench oil from the liquid holdup zone to the contact-
ing elements. At least two filters are alternatingly opera-
ble in filtration and backwashing modes. A filtration loop
is provided for circulating quench oil from the liquid hold-
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up zone through a filtration-mode filter and returning fil-
trate to the liquid holdup zone. A backwashing loop is
provided for removing the fines collected in the filter and
passing the collected fines to a slurry collection zone. A
heavy oil, for example, fuel oil or quench oil from inven-
tory, is added to the slurry collection zone to form a slurry
of the collected fines therein.

[0017] The system can also include a quench line for
introducing the effluent gas into the inlet, the quench line
including a mixing zone for receiving quench oil to cool
the effluent gas, and afiltrate line from the filtration-mode
filter to the mixing zone for supplying the filtrate as the
quench oil. A line can be provided for supplying makeup
quench oil to the quench tower or to the recirculation
loop. Valves can be used in the backwash and recircu-
lation loops for selectively placing the filters in filtration
and backwash modes. The system can also include a
source of compressed gas, a line from the source to the
backwashing loop, and a valve in the line for pulsing the
compressed gas into the backwashing loop to facilitate
fines removal from the backwashing-mode filter.

[0018] The system, alternatively or additionally, in-
cludes a line for supplying the slurry from the slurry col-
lection zone to the reactor in the FCC unit. Preferably,
the system can include a line for supplying the slurry from
the slurry collection zone into a dense phase bed of a
regenerator for receiving and regenerating catalyst from
the stripperforrecirculation toa FCC reactor that supplies
the effluent to the stripper. Preferably, the regenerator
includes a mixing zone for mixing the slurry and the cat-
alyst from the stripper and a discharge zone for introduc-
ing the mixture from the mixing zone within the dense
phase bed, preferably below the top of the dense phase
bed. The mixing zone is preferably an annulus centrally
disposed within the dense phase bed. The regenerator
can have a subjacent air distributor for introducing an
oxygen-containing gas adjacent the discharge zone,
preferably in the form of a pipe ring with perforations or
multiple nozzles or, alternatively, a pipe grid with multiple
branch arms around the annulus and below the discharge
zone.

[0019] Still further, the present invention provides a
catalyst regenerator for regenerating spentlight FCC cat-
alyst. The regenerator includes a regenerator vessel
housing a dense phase catalyst bed, a central upright
standpipe portion for receiving the spent catalyst to be
regenerated, and a centerwell receiving a lower end of
the standpipe portion and defining an annulus between
the standpipe portion and an inside diameter of the
centerwell. There is a valve for controlling the introduction
of spent catalyst from the standpipe portion into the an-
nulus. In one embodiment useful in an FCC unit having
a central vertical standpipe configuration, the valve is lo-
cated at a lower end of the standpipe portion, which is at
the lower end of the vertical standpipe. In another em-
bodiment, the FCC unit is of a side by side design and
the valve is a catalyst slide valve located in the pipe an-
gled into the side of the regenerator. The angled pipe
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extends to the center of the regenerator and the stand-
pipe portion is attached to or formed as part of the end
thereof. A fuel distributor is provided for introducing fuel
into the centerwell for mixing with the catalyst in the an-
nulus. A fluidization distributor is provided for introducing
fluidization gas into the centerwell for fluidizing the cat-
alyst in the annulus. A radial slot is formed in the center-
well for introducing the catalyst and fuel mixture from the
annulusintothe dense phase bed below an upper surface
thereof. An air distribution ring or pipe distributor is dis-
posed in the dense phase bed about the centerwell sub-
jacent to the radial slot for introducing combustion air into
the dense phase bed. A catalyst discharge outlet is in
fluid communication with the dense phase bed. An off
gasdischarge outletis in fluid communication with a dilute
phase above the dense phase bed. The regenerator can
also include a source of fuel oil for supplying the fuel oil
to the fuel distributor, a fluidization medium source for
supplying a fluidization medium which is not an oxygen-
containing gas, for example, steam, an inert gas, and
fuel gas to the fluidization distributor, and/or a steam
source for optionally supplying steam to the fuel distrib-
utor. The regenerator can further include an air preheater
for heating air prior to introduction through the air distrib-
utor, for example, during a start-up.

[0020] Another aspect of the present invention is pro-
viding a method of converting an original FCC unit of side
by side configuration to a converted FCC unit for process-
ing light feedstock. In this method, the original FFC unit
has at least an original regenerator, an angled spent cat-
alyst supply line attached to the spent catalyst inlet, and
a catalyst slide valve in the angled supply line. The re-
generator has a spent catalyst inlet, an air inlet and an
air distribution assembly attached to the air inlet within
and near the bottom of the regenerator. The conversion
involves replacing the original regenerator with a regen-
erator according to the present invention.

[0021] In one embodiment of such a conversion ac-
cording to the presentinvention, the method includes re-
moving the air supply assembly of the regenerator. A
centerwell is installed on the interior bottom of the regen-
erator. A fluidization gas inlet and at least one fuel inlet
is provided through the bottom of the regenerator within
the centerwell. A fluidization gas distribution ring is in-
stalled and connected to the fluidization gas inlet. At least
one fuel distribution nozzle is connected to a correspond-
ing fuelinlet at the interior bottom of the regenerator with-
in the centerwell. An air inlet is provided through the re-
generator outside of the centerwell. A deflector plate is
installed within the centerwell. Aninternal pipe is installed
and connected to the spent catalyst supply inlet. The in-
ternal pipe has an angled portion at a similar angle to
that of the angled spent catalyst supply line, a standpipe
portion and an annular plate attached to the standpipe
portion. The lower end of the standpipe portion extends
into the centerwell creating a radial slot between the an-
nular plate and the top edge of the centerwell. The lower
end of the standpipe portionis spaced above the deflector
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plate to allow flow of spent catalyst through the standpipe
portion and provide deflection of the spent catalyst flow
direction for mixing the spent catalyst with fuel oil that is
vaporized within the centerwell when the modified FCC
unitis operated. An air distribution pipe is installed around
the centerwell and below the radial slot and connected
to the air inlet.

BRIEF DESCRIPTION OF THE DRAWING

[0022]

Fig. 1is a simplified schematic process flow diagram
of an FCC unit, including an oil quench tower, used
to crack light hydrocarbons, according to one em-
bodiment of the invention.

Fig. 2 is an enlarged elevation of a lower portion of
the regenerator of Fig. 1 for regenerating catalyst in
a light FCC unit using slurry of the fines from the filter
backwash of the oil quench tower according to the
present invention.

Fig. 3 is a plan of the regenerator of Fig. 2 as seen
along the lines 3-3 in Fig. 2.

Fig. 4 (prior art) is an enlarged elevation of a lower
portion of a regenerator having a side entry for cat-
alyst used for regenerating catalystin a conventional
side by side FCC unit.

Fig. 5 is an enlarged elevation of a lower portion of
another embodiment of a regenerator according to
the present invention for regenerating catalyst in a
light or conventional FCC unit in a side by side con-
figuration.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention is a method and system
for recovering fines from the light FCC effluent and re-
generating spent catalyst. As used in the specification
and claims, a light FCC unit or process is one in which
the hydrocarbon feedstock to the FCC riser has a very
low resid content such that there is insufficient carbon
deposited on the catalyst to sustain combustion for re-
generation without a supplemental fuel source, and there
is insufficient fuel oil in the riser effluent for conventional
slurry oil recovery, i.e. less than 2 weight percent of the
hydrocarbons in the reactor effluent gases from the riser
have an atmospheric boiling point above 550°F (288°C).
However, if this amount is greater than 2 weight percent,
the filters can optionally be bypassed and this material
used as the slurry. The FCC process encompasses a
fluidized catalytic reaction system, converting a light hy-
drocarbon feed stream preferably having a high olefin
content to a product slate rich in propylene and ethylene.
The typical propylene/ethylene product ratio from the re-
actor can be approximately 2.0. The FCC reactor is very
flexible in that it can process many olefin-rich streams
which may be available from an olefins plant or a refinery,
such as, for example, olefins plant C,/Cs streams, refin-
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ery Cy’s, light naphtha produced in thermal or catalytic
cracking processes, or the like.

[0024] With reference to Fig. 1, a superheated feed,
typically at 800°F, is introduced via line 100 to the riser
102 where it is mixed with hot regenerated catalyst sup-
plied via line 104. If desired, steam can also be injected
into the riser 102 at this point. Reaction conditions in the
riser 102 are maintained as described in U.S. Patents
5,043,522; 5,171,921; and 6,118,035; each of which is
hereby incorporated herein by reference in its entirety.
The hydrocarbon gases and catalyst flow upward in the
riser 102, where the cracking reactions take place. The
hydrocarbon gases and catalyst are separated in a series
of conventional cyclones 106, 108, and the product gases
at a typical temperature of 1100-1200°F are routed out
of the top of the stripper vessel 110 via line 112.

[0025] The effluent gases in line 112 can be cooled to
generate steam in a waste heat boiler (not shown), and
then are routed to a quench tower 114 where entrained
catalyst is washed from the gases by contact with circu-
lating quench oil. Overhead vapor from the tower 114 in
line 116 at a typical temperature of 200-400°F is then
routed to conventional product recovery facilities such
as distillation towers (not shown) for recovery of ethylene,
propylene and other products.

[0026] Catalyst separated by the cyclones 106,108 is
collected at the bottom of the stripper 110 and contacted
with steam (not shown) to strip residual hydrocarbon gas
from the catalyst. The steam and hydrocarbons exit the
stripper 110 with the other effluent gases through the
cyclone 108 and line 112 as previously mentioned.
[0027] The catalystthen flows down through standpipe
118 into the subjacent regenerator 120. In the regener-
ator 120, the small amount of coke that has formed on
the catalyst is burned in the dense phase bed 122 and
catalyst activity is restored for recirculation to the riser
102 via line 104 as previously mentioned. Because there
is insufficient coke to provide the necessary heat of re-
action to sustain regeneration at a typical regeneration
temperature of 1250-1350°F, additional fuel is necessary
to complete the heat balance on the reactor system. The
fuel is preferably in the form of fuel oil, e.g. pyrolysis fuel
oil, that contains catalyst fines from the quench tower
114 as described in more detail below, but capability for
adding fuel gas can also be provided to supplement the
heating if desired. The slurry is continuously supplied to
the regenerator 120 from the slurry surge drum 124 via
line 126, which is designed for mitigating potential ero-
sion.

[0028] Accessory systems include conventional FCC
systems such as, for example, air supply, catalyst hop-
pers and flue gas handling and heat recovery. An air com-
pressor (not shown) supplies air via line 128 for regen-
eration of the catalyst. An air heater (not shown) can be
provided for startup. Fresh and spent catalyst hoppers
(not shown) are provided for storage of makeup and
used/equilibrium catalyst that is typically respectively
added to or taken from the regenerator, as is well known
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in the art.

[0029] In the regenerator 120, catalyst is separated
from the flue gas in one or more cyclones 130. If desired,
a conventional third stage separator cyclone (not shown)
can be used to minimize catalyst losses. The flue gases
are typically cooled by superheating high pressure steam
and vented. Spent catalyst, including fines from the third
stage separator, contain no or only trace amounts of poi-
sons found in typical refinery FCC catalyst due to the
relatively cleaner feedstocks used in the light olefin FCC
process, and can be used as an adjunct in concrete or
brick manufacture or disposed in landfill.

[0030] The quench tower 114 includes a vapor-liquid
contacting zone 130, which can include conventional
packing or trays, disposed above a liquid holdup zone
132. Effluent gas from line 112 is introduced below the
contacting zone 130. A recirculation loop 134 includes
pump 136, heat exchanger 138 and return line 140 to
introduce a continuous supply of quench oil to liquid dis-
tributor 142 above the contacting zone 130. In the con-
tacting zone 130, the catalyst fines in the effluent gas are
washed into the quench oil, and the effluent gas is cooled.
The effluent gas typically enters the quench tower 114
at 800-1000°F, and exits at 200-400°F. The quench oil
can be maintained in holdup zone 132 at a temperature
of 350-700°F, and cooled to 300-550°F in exchanger 138
against a feedstock stream or steam.

[0031] If desired, the quench tower 114 can include a
secondary cooling zone 144 above the primary contact-
ing zone 130, similarly configured with pumparound loop
146 that includes exchanger 148 for further cooling the
quench oil to 200-450°F, for example. A portion of the
quench oil from collection zone 150 can be introduced
via line 152 into line 112 to provide initial cooling of the
effluent gases in mixing zone 154 upstream from the
quench tower 114. For example, 500-550°F quench oil
in line 152 can cool the effluent gases to 800-1000°F in
the mixing zone 154.

[0032] A filtration loop 156 includes pump 158, filters
160a, 160b and line 162 for returningfiltrate to the quench
tower 114, either directly or via the recirculation loop 134.
Backwash gaseous medium is provided via line 164 to
pressurize and flush the collected fines into line 166 and
slurry drum 124. The backwash gaseous medium can be
selected from an inert gas, air and fuel gas. One of the
filters 160a or 160b is in filter mode, while the other is in
backwash mode. For example, valves 168, 170, 172 and
174 are open and valves 175, 176, 180 and 182 are
closed when filter 160a is filtering and filter 160b is being
backwashed; the valves are switched after the fines have
accumulatedinfilter 160a and itis ready for backwashing.
The filtration is preferably continuous and should be at a
rate that keeps the fines level from building to excessive
levels in the quench oil, preferably no more than 0.5
weight percent fines, more preferably no more than 0.2
weight percent, and yet more preferably no more than
0.1 weight percent fines in the quench oil. As an illustra-
tive example, in a quench tower receiving 50 to 200 Ibs/hr
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catalyst fines in the effluent gas, for example, 100 Ibs/hr,
then 50,000 Ibs/hr of quench oil must be filtered in order
to maintain a catalyst concentration of 0.2 weight percent
in the recirculation loop 134

[0033] The backwash contains a high concentration of
catalyst fines, on the order of 10 to 20 weight percent.
This concentration is reduced to a manageable level, for
example, 2 to 4 weight percent, by dilution with fuel oil
and/or circulating quench oil in the slurry drum 124. The
amount of dilution oil is preferably equal to that required
for combustion in the regenerator. If the fines concentra-
tion is in excess of a manageable level, additional fuel
oil and/or quench oil can be introduced to the slurry drum
124 and this excess can be recycled to the riser via line
127.

[0034] Ifdesired, the compressed gas can convenient-
ly pressurize the drum 124 so that it is not necessary to
employ a pump to transfer the slurry into the regenerator
120 via line 126. As mentioned, quench oil slurry from
the drum 124 is supplied to the regenerator 120 for com-
bustion to supply the heating requirements and return
the catalyst to the regenerator-riser system; however, if
there is excess slurry, it can also be introduced to the
riser 102 via line 127. In this manner, the quench oil in
the slurry supplied to the riser 102 is added to the effluent
gases via cyclone 106, 108 and subsequently condensed
in the quench tower 114, whereas the entrained catalyst
is eventually transferred into the regenerator 120 with
the other catalyst recovered from the cyclones 106, 108.
[0035] Intheregenerator 120 (see Figs. 2 and 3), there
is a standpipe 118 and plug valve 200. Spent catalyst
flows down the standpipe 118 and passes through the
catalyst plug valve 200. After passing through the plug
valve 200, the catalyst changes direction and flows up-
wardly through the annulus 202 of the spent catalyst
centerwell 204 using a fluidization gas introduced via line
125 to distribution ring 204b positioned in the centerwell
204 below the valve 200. The fluidization medium or gas
can be, for example, steam, an inert gas, and fuel gas.
Slurry oil (line 126) and a fluidization gas (line 123) are
introduced through nozzles 204a. The fluidization gas,
for example, steam, facilitates dispersion and atomiza-
tion of the slurry oil as it discharges into the catalyst in
the centerwell 204. The dispersion steam and the slurry
oil, which vaporizes on contact with the hot spent catalyst,
provide additional fluidization for the catalyst. At this
point, vaporization of the slurry oil is required. An oxygen-
containing gas is preferably not used as the fluidization
gas here in order to avoid, or at least minimize, combus-
tion within the centerwell 204. The catalyst is diverted
outwardly into the dense phase bed 122 from the circular
slot 206 defined by the upper terminus of the centerwell
204 and an outer periphery of annular plate 208. The
annular plate 208 is secured about the standpipe 118
and preferably has an outer diameter at least that of the
centerwell 204. In this manner the catalyst is distributed
radially outwardly into the dense phase catalyst bed 122
well below its upper surface 209.
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[0036] The dense fluidized bed 122 is aerated by air
provided by an air grid that preferably takes the form of
air distribution ring 210. The ring 210 has a diameter be-
tween the outer diameter of the centerwell 204 and the
outer diameter of the dense phase bed 122 in the regen-
erator 120. As the aeration air travels upward from per-
forations or nozzles 211 into the dense phase bed 122,
the slurry oil and the carbon on the catalyst are burned
to form CO,. It is important to introduce the slurry oil/
catalyst mixture into the dense phase bed 122 in relatively
close proximity to the air and below the upper surface
209 of the bed 122 to ensure good combustion and heat
generation within the bed 122. Typically, the regenerator
120 is operated at 1250 to 1350°F, preferably from 1275
to 1325°F. The convergence of the air from the ring 210
and the catalyst/oil mixture from the slot 206 at relatively
high velocities within the dense phase bed 122 facilitates
good mixing in a combustion zone within the bed 122 to
provide uniform heating and regeneration of the catalyst.
The regenerator bed should be designed for a superficial
vapor velocity of between 0.5 and 7 ft/s, preferably be-
tween 1.5 and 5 ft/s, and more preferably between 2 and
3 ft/s. The volume of the bed 122 above the air ring 210
should be designed for sufficient residence time to en-
sure essentially complete regeneration of the catalyst.
[0037] Off gas is conventionally recovered overhead
from the regenerator 120 via separator cyclones 130 and
an overhead line 212 (see Fig. 1). Since the regenerator
120 is operated in a complete combustion mode, there
is generally no need for a CO burner to convert the CO
to CO, before discharge to the atmosphere, but one can
be included if desired. More heat of combustion is gen-
erated, and hence less fuel oil is needed, when complete
combustion is achieved. Excess air is generally avoided,
but as a practical matter a slight excess is needed to
achieve complete combustion.

[0038] The regenerator 120 can be operated with or
without a CO promoter, typically a catalyst such as plat-
inum, which is commonly added to promote the conver-
sion of CO to CO..

[0039] The lower portion of a prior art side by side con-
ventional FCC regenerator is shown in Fig. 4. Catalyst
is fed to the regenerator via an angled pipe 414, a catalyst
slide valve 416, and an inlet 420. The ends of a pair of
hydroclones 430 extend below the upper surface 209 of
the dense bed 122. Combustion air is fed into the dense
bed 122 via an air feed apparatus 409.

[0040] The regenerator 400 shown in Fig. 5 is accord-
ing to the present invention and is useful in a FCC unit
having a side by side configuration and can be substituted
for the regenerator shown in Fig.4. Whether in a new
installation or as part of a retrofit, such a regenerator 400
provides greater feed versatility to accept conventional
or light feeds, since a fuel oil, quench oil or slurry oil feed
capability is provided when processing light FCC feeds
in order to provide the necessary heat of reaction.
[0041] The angled pipe 414 for catalyst feed no longer
terminates at the inlet 420 as shown in Fig. 4. Rather,
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angled pipe 414 is coupled via the catalyst slide valve
416 to angled pipe 417 that extends therefrom substan-
tially to the vertical center axis of the regenerator 400
and has a vertical stand portion 418 extending therefrom
into the centerwell 204. A deflection plate 450 is located
below the lower end of the stand portion 418 to redirect
the catalyst flowing therethrough. The remaining compo-
nents having like reference numerals are as in the pre-
vious figures.

[0042] Further, an FCC unit of side-by-side configura-
tion having a conventional regenerator, for example, the
regenerator shown in Fig. 4, can be converted to be a
converted FCC unit having a regenerator 400 as shown
in Fig. 5, thereby reducing the capital costs associated
with the fabrication of a new regenerator. The air supply
assembly 460 would be removed. The centerwell 204,
fluidization medium distribution ring 204b and fuel distri-
bution nozzles 204a would be installed at the interior base
of the regenerator within the centerwell 204. The air dis-
tribution pipe 210 would be installed around the center-
well 204 and below the radial slot 206. The circular de-
flector plate 450 would be installed within the centerwell
204. Pipe 417 with the standpipe portion 418 and annular
plate 208 would be installed such that the end of the stand
portion 418 extends into the centerwell 204 a sufficient
distance above the deflector plate 450 to allow flow of
the catalyst and provide adequate deflection of the cat-
alyst flow direction for mixing the catalyst with the fuel oil
vaporized within the centerwell 204. The hydroclones
430 may or may not have to be replaced or reconditioned
or repositioned within the regenerator 400 such that their
ends extend below the upper surface 209 of the dense
bed 122.

[0043] The present invention is illustrated above with
respect to specific embodiments. Various changes and
modifications will occur to the skilled artisan in view there-
of. It is intended that all such modifications within the
scope and spirit of the appended claims be embraced
thereby.

[0044] A method and system for recovering fines from
a light FCC-type effluent gas. Cracked gases from the
reactor are cooled by direct contact with circulating oil in
an oil quench tower. The circulating oil also washes out
the catalyst fines carried with the reactor effluent gas. A
flow of the oil from the quench tower bottoms is sent
through one of a pair of filters to remove fines and recy-
cled to the tower. The otherfilter is in backwash operation
using a compressed gas to remove the fines therefrom
and into a surge drum. Fuel oil or quench oil is added to
the drum to form a slurry, which carries the catalyst fines
to the regenerator where the oil is combusted to supply
the FCC system heat requirements. Since a minimum
amount of fuel oil is generated in the FCC, fuel oil is im-
ported to inventory the quench tower.

[0045] The following items are also part of the inven-
tion.

1. A method for recovering fines from a light FCC-
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type effluent gas, comprising the steps of:

(a) supplying quench oil to a quench oilinventory
to maintain the inventory in steady state;

(b) contacting the effluent gas with the quench
oil to cool the effluent gas and wash out catalyst
fines to obtain a cooled effluent gas essentially
free of fines;

(c) returning the quench oil from the contacting
step to the inventory;

(d) continuously recirculating quench oil from
the inventory to the contacting step;

(e) continuously separating fines from a stream
of the quench oil from the inventory to recover
fines and keep the fines from building up in the
inventory; and

(f) slurrying the fines recovered from the sepa-
ration step.

2. The method of item 1 wherein the contacting and
collecting steps are effected in a quench tower com-
prising vapor-liquid contact elements and a bottoms
zone holding the inventory.

3. The method of item 1 further comprising cooling
the recirculated quench oil before the contacting
step.

4. The method of item 1 wherein the separation step
comprises filtration.

5. The method of item 4 wherein the stream in the
filtration step is continuously passed through a first
filter in a filtration mode to separate the fines there-
from while a second filter in parallel with the first filter
is in a backwashing mode to remove the separated
fines therefrom.

6. The method of item 5 wherein filtrate from the first
filter is returned to the inventory.

7. The method of item 5 wherein the backwashing
of the at least one filter further comprises periodically
alternating the first and second filters between the
filtration and backwashing modes.

8. The method of item 5 wherein the backwashing
includes at least one compressed gas pulse through
the second filter for fines removal.

9. The method of item 5 further comprising collecting
the fines from the backwashing step in a holdup ves-
sel and adding a heavy oil to form a slurry.

10. The method of item 9 wherein the heavy oil is a
portion of the quench oil from the inventory.

11. The method of item 9 further comprising intro-
ducing the slurry from the holdup vessel into a cat-
alyst regenerator in a light

FCC unit for combustion to regenerate and heat the
catalyst.

12. The method of item 11 wherein a rate of makeup
quench oil is balanced with a rate of slurry introduced
into the regenerator to keep a steady amount of
quench oil in the inventory.

13. A system for recovering fines from a light FCC-
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type effluent gas, comprising:

means for continuously contacting the effluent
gas with a heavy oil to cool the effluent gas and
wash out the fines entrained therein to obtain a
cooled effluent gas essentially free of entrained
fines;

means for collecting the heavy oil from the con-
tacting step in a liquid receiver;

means for continuously recirculating the heavy
oil from the liquid receiver to the contacting step;
means for passing the heavy oil from the liquid
receiver through at least one filter to remove
fines from the heavy oil and collect the fines in
the at least one filter;

means for at least periodically backwashing the
at least one filter to remove the collected fines;
and

means for producing a slurry rich in fines using
the collected fines and a slurry oil selected from
a second heavy oil, a portion of the heavy oil,
and a combination thereof.

14. A system for recovering fines from a light FCC-
type effluent gas, comprising:

a quench tower having an inlet for receiving the
effluent gas, vapor-liquid contacting elements
disposed above the inlet for cooling the effluent
gas and washing out the fines, a gas outlet
above the contacting elements for discharging
cooled effluent gas essentially free of entrained
fines, and a liquid holdup zone below the inlet
for collecting the quench oil from the contacting
elements;

arecirculation loop for continuously recirculating
the quench oil from the liquid holdup zone to the
contacting elements;

at least two filters alternatingly operable in filtra-
tion and backwashing modes;

a filtration loop for circulating quench oil from
the liquid holdup zone through a filtration-mode
filter and returning filtrate to the liquid holdup
zone; and

a backwashing loop for passing a compressed
gas through a backwash-mode filter and intro-
ducing fines therefrom to a slurry collection
zone.

15. The system of item 14 further comprising a
quench line for introducing the effluent gas into the
inlet, the quench line including a mixing zone for re-
ceiving quench oil to cool the effluent gas, and a
filtrate line from the filtration-mode filter to the mixing
zone for supplying the filtrate as the quench oil.

16. The system of item 14 further comprising a line
for supplying makeup quench oil to the quench tow-
er.
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17. The system of item 14 further comprising valves
in the backwash and recirculation loop for selectively
placing the filters in filtration and backwash modes.
18. The system of item 14 further comprising a
source of compressed gas, a line from the source to
the backwashing loop, and a valve in the line for puls-
ing the compressed gas into the backwashing loop
to facilitate fines removal from the backwashing-
mode filter to the slurry collection zone.

Claims

A system for recovering fines from a light olefin FCC
process effluent gas, wherein in the effluent gas
there are only very minor quantities of heavier hy-
drocarbons, wherein the system comprises:

means for continuously contacting the effluent
gas with a heavy oil to cool the effluent gas and
wash out the fines entrained therein to obtain a
cooled effluent gas essentially free of entrained
fines;

means for collecting the heavy oil from the con-
tacting step in a liquid receiver;

means for continuously recirculating the heavy
oil from the liquid receiver to the contacting step;
means for passing the heavy oil from the liquid
receiver through at least one filter to remove
fines from the heavy oil and collect the fines in
the at least one filter;

means for at least periodically backwashing the
at least one filter to remove the collected fines;
and

means for producing a slurry rich in fines using
the collected fines and a slurry oil selected from
a second heavy oil, a portion of the heavy oil,
and a combination thereof;

a quench tower having an inlet for receiving the
effluent gas, vapor-liquid contacting elements
disposed above the inlet for cooling the effluent
gas and washing out the fines, a gas outlet
above the contacting elements for discharging
cooled effluent gas essentially free of entrained
fines, and a liquid holdup zone below the inlet
for collecting the quench oil from the contacting
elements;

arecirculation loop for continuously recirculating
the quench oil from the liquid holdup zone to the
contacting elements;

at least two filters alternatingly operable in filtra-
tion and backwashing modes;

a filtration loop for circulating quench oil from
the liquid holdup zone through a filtration-mode
filter and returning filtrate to the liquid holdup
zone; and

a backwashing loop for passing a compressed
gas through a backwash-mode filter and intro-
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ducing fines therefrom to a slurry collection
zone.

The system of claim 1 further comprising a quench
line for introducing the effluent gas into the inlet, the
quench line including a mixing zone for receiving
quench oil to cool the effluent gas, and a filtrate line
from the filtration-mode filter to the mixing zone for
supplying the filtrate as the quench oil.

The system of claim 1 or 2 further comprising a line
for supplying makeup quench oil to the quench tow-
er.

The system of any one of claims 1-3 further compris-
ing valves in the backwash and recirculation loop for
selectively placing the filters in filtration and back-
wash modes.

The system of any one of claims 1-4 further compris-
ing a source of compressed gas, a line from the
source to the backwashing loop, and a valve in the
line for pulsing the compressed gas into the back-
washing loop to facilitate fines removal from the
backwashing-mode filter to the slurry collection
zone.
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